CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Abstract
The objective of the watershed-management evaluation monitoring program in Wisconsin is to evaluate the effectiveness of best-management practices (BMPs) for controlling nonpoint-source pollution in rural and urban watersheds. This progress report provides a summary of the data collected by the U.S Geological Survey for the program and a discussion of the results from several different detailed analyses conducted within this program.
A land-use and best-management-practice inventory is ongoing for each evaluation monitoring project to track the different sources of nonpointsource pollution in each watershed and to document implementation of best-management programs that may cause changes in the water quality of streams. Updated information is gathered each year, mapped, and stored in a geographic-information-system database. Summaries of BMP-implementation data collected through the 1999 water year are presented in this report.
Suspended sediment and total phosphorus storm-load and annual-load data are summarized for eight rural sites. For all 8 rural sites a sufficient number of pre-BMP storm samples have been collected; for two of the sites (Brewery and Garfoot Creeks), a sufficient number of post-BMP storm samples have been collected to allow for a final assessment of the effectiveness of the BMPs. For the remaining sites, numerous transitional storm samples have been collected, but in all cases BMP implementation has lagged such that there are insufficient post-BMP storm samples for final analysis. For two sites (Rattlesnake and Kuenster Creeks) there are not enough planned BMPs to warrant further data collection.
Continuous dissolved-oxygen data collected at 5 rural sites are summarized. In terms of instantaneous concentrations when comparing pre-BMP data to transitional and post-BMP data, the general trend is a reduction in the number of days that the dissolved oxygen concentration was less than the state standard. These results are anecdotal, however; the differences have not been rigorously tested statistically. For a level of dissolved oxygen sustained over a continuous hour, the results are mixed. In general the number of days with standard violations has decreased, but there are notable exceptions.
For the four urban streams, the pre-BMP data were examined to determine the level of improvement that could potentially be detected with a statistical analysis. Regression analyses were performed relating constituent loads of suspended solids, total phosphorus and total copper to various independent variables, including seasonal terms and variables related to rainfall. On the basis of the residuals from the regressions, there is a wide range of potential change that could be detected with an analysis of pre-and post-BMP loads. This is likely a result of the high degree of variability in the data, particularly from site to site. For suspended solids, total phosphorus, and total recoverable copper the minimum detectable changes ranges from 20-80, 30-70 and 30-90 percent, respectively. For two of the eight rural streams (Rattlesnake and Kuenster Creeks) minimal BMP implementation has occurred, hence a comparison of pre-BMP and data collected after BMP implementation began is not warranted. For two other rural streams (Brewery and Garfoot Creeks), BMP implementation is complete. For the four remaining rural streams (Bower, Otter, Eagle, and Joos Valley Creeks), the pre-BMP load data were compared to the transitional data to determine if significant reductions in the loads have occurred as a result of the BMP implementation to date. For all sites, the actual constituent loads for suspended solids and total phosphorus exhibit no statistically significant reductions after BMP installation. Multiple regressions were used to remove some of the natural variability in the data. Based on the residual analysis, for Otter Creek, there is a significant difference in the suspended-solids regression residuals between the pre-BMP and transitional periods, indicating a potential reduction as a result of the BMP implementation after accounting for natural variability. For Joos Valley Creek, the residuals for suspended solids and total phosphorus both show a significant reduction after accounting for natural variability. It is possible that the other sites will also show statistically significant reductions in suspended solids and total phosphorus if additional BMPs are implemented.
INTRODUCTION
In October, 1989, the U.S. Geological Survey (USGS) began a watershed-management evaluation monitoring program in cooperation with the Wisconsin Department of Natural Resources (WDNR). The overall objective of each individual project in the program is to determine if the water quality of the receiving stream has improved as a result of the implementation of landmanagement practices in the watershed. This is accomplished through monitoring of water chemistry and ancillary variables before best-management practices (BMPs) are implemented, during implementation, and after watershed-management practices have been completely implemented. The period before BMP implementation is termed "pre-BMP," the period during active implementation is termed "transitional," and the period after complete implementation is termed "post-BMP."
Eight rural and four urban sites were selected jointly by WDNR and USGS for detailed evaluation monitoring. The sites were selected using a variety of criteria, including likelihood for significant BMP implementation, relatively small watershed size [less than 50 square miles (mi )], feasibility for accurate stream gaging, etc. Locations of the sites are shown in figure 1 .
The county Land Conservation Departments (LCDs) and the WDNR have identified nonpoint sources of pollution in each rural watershed. This infor-mation was used to select sites that are eligible for partial funding of BMP implementation. The LCDs are in the process of contacting landowners to request that they implement the appropriate BMPs for stream waterquality improvement. This is a voluntary program that may result in varied success depending largely upon the percentage of landowners that implement the recommended BMPs.
The four urban sites were selected from the watersheds identified in the Priority Watershed program. The WDNR and each city have identified nonpoint sources of pollution in the urban watersheds. Nonpoint-source pollution reduction goals have been set, but a specific plan identifying the type and location of BMPs needed to achieve these goals has not been defined.
This report, the fifth in a series of progress reports, provides a summary of data collected for the watershedmanagement evaluation monitoring program in Wisconsin. The following topics are addressed:
(1) land-use and BMP inventories, including a discussion of data-collection efforts and the status of BMP implementation; (2) stream water-quality data, including a discussion of data-collection efforts, a comparison of annual loads for the rural sites, and a discussion of dissolved-oxygen data collection; (3) urban load regression analysis, including a brief discussion of the statistical approach for trend detection and presentation and discussion of preliminary pre-BMP regressions for the urban sites; and (4) transitional data analysis, including regression results and a preliminary trend assessment for some of the rural sites. For sections presenting ongoing data-collection efforts, data collected during water year 1999 (October 1997 through September 1999) are summarized and, if appropriate, implications for future data-collection efforts are discussed.
Activities through 1999 Water Year
Annual updates of BMP implementation status have been conducted since 1992. The tracking system is in a Geographic Information System (GIS) data base that also provides spatial layers of land use and land cover. The tracking method and details about the data base are described in Rappold and others (1997) .
In 1998 the inventory team used land-use information from the Otter Creek watershed and appropriate models to estimate phosphorus loads from barnyards and cropland areas. Model parameters were determined using a farm-field characteristic layer from the GIS data base. Soils from specific sites were collected for particle-size analysis using the method described in Dong and others (1979) . A detailed description of the model results and methods for locating significant sources of phosphorus, which could be used to target resources, is reported hi Wierl and others (1998) .
In 1999 Brewery and Garfoot Creek watersheds completed the post-BMP period achieving the majority of the goals set by the WDNR and the local Land Conservation Department (table 1) . Additional practices may be implemented hi the next several years but the majority of sources were controlled by the practices already implemented. Land-use tracking was discontinued in 1999 because the post-monitoring phase was considered completed.
Tracking of the Otter Creek, Bower Creek, Eagle Creek, and Joos Valley Creek watersheds will continue until the post-monitoring phases have been completed (table 1) . Rattlesnake Creek and Kuenster Creek have not been tracked for several years because of lack of BMP implementation and discontinuation of WDNR funding for BMP implementation.
LAND-USE AND BEST-MANAGEMENT PRACTICE INVENTORIES
Inventories of the eight rural watersheds began in 1992 to provide information on land-use and land-treatment changes in support of the whole-stream evaluation monitoring effort. Detailed descriptions of each watershed and the program are provided in Rappold and others (1997) and Wierl and others (1996) . This section summarizes the land-use-inventory program activities through the 1999 water year and planned activities for the 2000 water year. 'An estimate derived from the nonpoint-source control plan. 2Total includes a barnyard-control system installed by landowner without cost-share funding. 3Number of yards without livestock, which could be from farm's situation, or farm was sold. For Garfoot Creek one system was installed but livestock is now sold.
4The contract for length of Streambank protection reflects the total length of each practice. One eroded site can include several practices such as riprap, shoreline and Streambank stabilization, and shoreline buffers. Both banks may have been eroded, contracted, or implemented with BMPs. 'includes an individual practice or series of practices, other than nutrient management, that result in a reduced pollutant source, such as contour farming, contour strip cropping, field strip cropping, grassed waterways, and reduced tillage.
SELECTED STREAM-WATER QUALITY DATA
Stream-water quality data are summarized in three parts in this section. The first part discusses the availability of water-quality data, including loads for stormflow periods. The second part discusses specific data compiled at rural sites, and includes (1) a graph of the number of storms and estimated constituent loads, and (2) annual constituent loads for the specific period of record at each site. The third part discusses dissolvedoxygen data collection at the rural watershed evaluation sites.
Availability of Stream-Water Quality Data
Precipitation, streamflow volume, and storm loads for several water-quality constituents have been computed for all monitored storm periods and summarized for rural sites (appendix). The rural data are summarized through water year 1998. Data collection was suspended on July 1,1996 for four of the rural sites (Eagle, Joos Valley, Rattlesnake and Kuenster Creeks) pending continued implementation of the watershed plans. Accordingly, data in the appendix are complete through the end of the appropriate data-collection period for these four sites. Daily loads for selected constituents and discrete concentration data for the samples used to calculate these loads are published in the USGS annual water-data reports for Wisconsin (Holmstrom and others, 1986-87; Holmstrom and Erickson, 1989; Holmstrom and others, 1990-98) . Maximum, minimum, and mean dissolved-oxygen concentrations and water temperatures also are published in these annual reports. All data collected at the evaluation-monitoring sites are available by request from the USGS office in Middleton, Wisconsin.
In addition to the data published in various reports, electronic retrievals of the data are possible through the world-wide-web. Historical streamflow data is available by connecting to the following uniform resource locator (URL):
http://water.usgs.gov/nwis-wAVI/lndex.cgi Instantaneous constituent concentrations as well as storm-period data (precipitation, streamflow volume, and constituent loads) are available through the District Office.
Summary of Loads at Rural Stream Sites
Water-quality monitoring at the eight rural evaluation monitoring sites ( fig. 1 ) continued at selected sites with sampling during baseflow and stormflow periods. Instantaneous water-quality data were used in conjunction with continuous streamflow data to estimate total constituent loads for stormflow periods. Suspended sediment or suspended solids, total phosphorus, and ammonia-nitrogen loads were computed at the eight rural evaluation monitoring sites. For Brewery and Garfoot Creeks, suspended-sediment loads were computed in a manner consistent with pre-BMP data collected in a previous study; for all other sites, suspended-solids loads were computed. Ammonia-nitrogen loads were not computed for sites on Otter and Bower Creeks. The rural storm-load data will be used to evaluate the effect of BMPs on stream-water quality. Previous research using the rural regression analysis (Walker and Graczyk, 1993; Walker, 1994) has shown theoretically that the minimum detectable change at rural sites reaches a minimum at roughly 40 total storms; this corresponds to 20 pre-BMP and 20 post-BMP storms for a balanced data collection. The number of pre-BMP, transitional, and post-BMP storms for which loads were calculated at rural evaluation monitoring sites for the period of record ending in the 1998 water year is shown in figure 2 .
The pre-implementation, transitional, and post implementation periods have been selected for all eight rural evaluation monitoring sites (table 2) . Loads for a sufficient number of storms are available for the pre-BMP implementation period at all of the eight rural evaluation monitoring watersheds ( fig. 2 ). At two of the watersheds (Brewery and Garfoot Creeks), storm data has been collected during the post-BMP implementation period ( fig. 2 ). For the period April 1,1997 through September 30,1998, loads have been calculated for 17 post-BMP storms at Garfoot Creek, which will be compared to the storm loads calculated during the preimplementation period. For the period October 1,1996 through September 30, 1998, loads have been calculated for 19 post-BMP storms at Brewery Creek, which will be compared to the storm loads computed during the pre-implementation period. Data collection at Bower, Eagle, Joos Valley, Rattlesnake, and Kuenster Creeks has been suspended. At Eagle and Joos Valley Creeks, the sign-up period has been extended so it was prudent to suspend monitoring until a sufficient number of BMPs have been installed. Implementation of BMPs Annual loads of suspended sediment or suspended solids and total phosphorus were determined at each of the eight rural evaluation monitoring sites ( fig. 1 ) for the period of data collection through the 1996 water year. The annual loads are summarized in table 3. For the four sites that had complete data collection in water year 1996 (Garfoot, Brewery, Otter, and Kuenster Creeks) the suspended sediment or solids and total phosphorus load were less than the mean for the data collection period (table 3). The suspended solids and total phosphorus loads at Otter Creek were the lowest for the 5-year data-collection period (table 3). The total streamflow for water year 1996 was also the lowest during this period, which may account for the low constituent loads in water year 1996 rather than an improvement in water quality that may have resulted from BMP implementation.
Dissolved Oxygen
Dissolved-oxygen data were collected continuously at five rural sites: Garfoot Creek, Black Earth Creek at South Valley Road, Otter Creek, Rattlesnake Creek, and Kuenster Creek ( fig. 1 ). Dissolved oxygen data were collected during open water periods; all dissolved-oxygen meters were removed during the whiter. It is difficult to determine if the water quality as measured by dissolved-oxygen concentration has improved. Because dissolved-oxygen concentration in the stream is a function of other factors such as atmospheric pressure and water temperature, any changes in minimum dissolved-oxygen concentration may be a result of these atmospheric inputs rather than implementation of best-management practices.
Maximum, minimum, and mean concentrations of dissolved oxygen for each of the five rural sites for water years 1990-96 are listed in table 4. The maximum dissolved oxygen was 20.0 mg/L at Otter Creek in water year 1996 (table 4). The minimum dissolved oxygen was 0.00 mg/L at Rattlesnake Creek in water year 1991. The three warm-water streams (Rattlesnake, Kuenster and Otter Creeks) had minimum dissolved-oxygen concentrations less than 1.0 mg/L. Dissolved-oxygen concentrations below 1.0 mg/L for extended periods of time are lethal to fish and other aquatic organisms. At the two cold-water streams (Garfoot and Black Earth Creek) the minimum dissolved oxygen was not less than 1.0 mg/L (table 4). The minimum dissolved oxygen concentration at Garfoot Creek was 1.3 mg/L in water year 1992. The minimum dissolved-oxygen concentration at Black Earth Creek was 3.9 mg/L in water year 1991 (table 4) .
The State of Wisconsin has different water quality standards for dissolved oxygen based on stream water temperatures. For warm-water streams with maximum water temperature above 24.0° Centigrade (C) the minimum dissolved-oxygen concentration required is 5.0 milligrams per liter (mg/L) (Wisconsin Administrative Code, 1992). For cold-water streams with a maximum water temperature below 24.0°C, the minimum dissolved-oxygen concentration required is 6.0 mg/L (Wisconsin Administrative Code, 1992) . The number of days the dissolved-oxygen concentrations were less than these standards and the total number of days dissolved-oxygen concentrations were monitored during water year 1990-96 are listed in table 5. At Garfoot Creek the number of days dissolved-oxygen concentrations were less than 6.0 mg/L decreased in 1992 through water year 1994 (table 5) . The number of days that the State standard was violated at Garfoot Creek was 22 in water year 1992 but in 1994 there was only 1 day the standard was violated. During water years 1995 and 1996, the State standard was violated on 2 and 3 days, respectively. At Black Earth Creek there were no violations of the State standard in water year 1996, in contrast to water year 1995 during which there were 41 days when the minimum dissolved-oxygen concentration was less than the State standard.
At the warm-water streams, Otter Creek had 62 violations of the State standard in water year 1995 but in water year 1996 there were only 7 violations (table 5) . This was the fewest violations of the State standard during the years this site has been monitored (table 5) .
The return period in days and the continuous time that the dissolved-oxygen concentration is less than the State standards also may affect aquatic organisms. A frequency analysis was done to determine the return period in days when the instantaneous dissolved-oxygen concentration would be less than the State of Wisconsin standard for one hour. In 1996 at Garfoot Creek the dissolved-oxygen concentration was less than 6.0 mg/L for one continuous hour once every 21 days or about 7 times during the summer period of May through September ( fig. 3 ). This is an improvement from water years 1990,1992, and 1994 but not from water years 1991 and 1995 (fig. 3 ). In water year 1991 the dis- 1990 1991 1992 1993 1994 1995 1996 1990 1991 1992 1993 1994 1995 1996 1990 1991 1992 1993 1994 1995 1996 .2 3.6 3.7 2.6 4.5 9.4 9.5 8.8 9.1 9.6 9.1 9.8 9.6 9.7 9.7 9.2 9.3 9.0 9.9 7.3 9.1 9. solved-oxygen concentration was less than 6.0 mg/L for one continuous hour once every 48 days or three times a summer. In 1995 the dissolved-oxygen concentration was less than 6.0 mg/L for one continuous hour once every 53 days or three times during the summer period ( fig. 3 ). The frequency analysis may show a slight improvement in water quality based on dissolved-oxygen concentration in water years 1990,1992, and 1994 compared to 1996. There would be no improvement in water quality if the comparison is made using water years 1991, 1993, and 1995 to 1996 . It could be interpreted that the water quality has improved on the basis of the dissolved-oxygen minimum concentrations shown in table 5). The minimum dissolved-oxygen concentration was less than 2.0 mg/L in water year 1990 and 1992 but in water year 1991 and 1993 through 1996, the minimum dissolved-oxygen concentration was 4.0 mg/L or higher at Garfoot Creek (table 4). The number of days that the instantaneous minimum dissolved-oxygen concentration was less than 6.0 mg/L was one, two, and three days in the 1994 through 1996 water years, respectively. The maximum number of days the instantaneous dissolved oxygen was less than the State standard was 22 in water year 1992 (table 5) .
In water year 1991,1993 and 1994 at Otter Creek the dissolved-oxygen concentration was less than 5.0 mg/L for one continuous hour once every 10 days or about 15 times during the 153 day summer period (fig. 4) . In water year 1992, the dissolved-oxygen concentration was less than 5.0 mg/L for one continuous hour once every 20 days or about 8 times during the summer period ( fig. 4) . In 1995, the dissolved-oxygen concentration was less than 5.0 mg/L for one continuous hour once every 3 days or about 51 times during the summer period ( fig. 4) . In 1996, however, the dissolved-oxygen concentration was less than 5.0 mg/L for one continuous hour once every 17 days or about nine tunes during the summer period. This is an improvement from water year 1995 but not from water year 1992.
As at Garfoot Creek, it may be difficult to determine if the water quality has improved as measured by dissolved-oxygen concentration at Otter Creek. The number of days that the dissolved-oxygen concentration was less than the State standard were the fewest in water year 1996 (table 5 ). In addition, the minimum dissolved-oxygen concentration measured was 4.5 mg/L in 1996, which is the highest minimum dissolved-oxygen since data collection began in 1990 (table 4). In the 1990 and 1992 water years the minimum dissolvedoxygen concentration was less than 1.0 but in the 1995 water year, the minimum dissolved-oxygen concentration minimum was 2.6 (table 4). The number of days the dissolved-oxygen concentration for one continuous hour was less than the State standard was fewer in water year 1996 as compared to water year 1995. Water year 1995 had the most days below the State standard for one continuous hour. Water year 1992, however, had the fewest days below 5.0 for one continuous hour. No bestmanagement practices were implemented before the 1993 water year. The following water-quality-monitoring activity is planned for water year 2000:
Continue collection of rural stormflow samples for determination of suspendedsolids or suspended-sediment, totalphosphorus and ammonia-nitrogen loads at Otter Creek.
ANALYSIS OF PRE-BMP CONSTITUENT LOADS AT URBAN STREAM SITES
The goal of the evaluation monitoring program is to determine if the implementation of BMPs has resulted in an improvement in the water quality of the stream. Previous research has identified an appropriate statistical approach that can be used to determine if statistically significant changes have occurred (Walker, 1994) . The general approach is to compare constituent loads in stormflow during pre-BMP conditions to constituent loads in stormflow during post-BMP conditions. Because there is substantial variability in constituent loads, regression analyses are used to remove some of the natural variability of the constituent loads and to improve the chances of detecting a statistically significant difference between pre-and post-BMP conditions.
The purpose of this section of the report is to evaluate preliminary regressions for pre-BMP conditions for the urban streams, and assess the likelihood for detecting changes in the individual watersheds. Four urban streams were included in this analysis, using constituent load data collected through water year 1996. This analysis was limited to suspended solids, total phosphorus, and total recoverable copper loads in stormflow.
Regression analyses require specification of a dependent variable and a set of independent variables thought to control the variability of the dependent variable. For this report, separate analyses were conducted with suspended solids, total phosphorus, and total recoverable copper chosen as dependent variables. Measures related to precipitation and time were chosen for independent variables, because these were felt to be free from any changes that may be induced through the installation of BMPs. Several primary precipitation measures were computed for individual storms: total rainfall, 15-and 30-minute maximum rainfall intensities, and the Universal Soil Loss Equation (USLE) erosivity index (Wischmeier and Smith, 1978) . Antecedent precipitation measures were computed as the total rainfall occurring 1-, 3-, 5-and 7-days prior to the beginning of each individual stormflow period.
Two periodic terms were computed to allow for the possibility of cyclical processes; the two terms were cos(27:T/365.25) and sin(27:T/365.25), where T is the beginning date of the storm, expressed as the number of years since 1904, and cos(x) and sin(x) are the trigonometric cosine and sine functions, respectively. Data was divided into three seasonal groups (spring, summer, fall). For the purposes of these analyses, spring was defined as March 1 through May 31, summer was defined as June 1 through August 31, and fall was defined as September 1 through December 15. A few winter storms were dropped from the analyses because there was not enough data to perform regressions for this period.
All possible regressions were computed for each of the four urban streams and the three dependent variables. Separate regression equations were determined for each group identified above. In some cases, the largest few constituent stormflow loads were dropped from the data set to allow for a more reasonable fit of the regression equation to the data. The constituent loads for the dropped storms were anomalously large, and could not be explained by any of the independent variables. One possible explanation is that there is a storage component to the sediment delivery process, and during some events the velocity in a stream may exceed a critical threshold and begin to scour the channel. Additional research is needed to define appropriate independent variables and bring the large loads back into the regressions. For Lincoln Creek, one storm was dropped due to insufficient rainfall data.
The resulting regressions are summarized for suspended solids, total phosphorus, and total recoverable copper in tables 6,7 and 8, respectively. For most regressions one or two independent variables were used; in some cases a third independent variable was used to increase the precision of the regression equation.
Two measures are used to report on the ability of the regression equation to explain the variability of the constituent loads. The traditional R2 value is reported, which is the portion of the total variability in the dependent variable that is "explained" by the regression. A second value, the standard error of the regression, is reported as a percentage of the mean value of the depen- dent variable. The standard error is essentially a measure of the variability of the regression residuals, which indicates the variability remaining in the dependent variable. Previous work by Walker (1994) has indicated that the standard error, expressed as a percent of the mean, can be used as a measure for the minimum change in before and after conditions that would be statistically significant. Experience from the preliminary results from the Black Earth Creek priority watershed (Walker and Graczyk, 1993) indicates that the minimum detectable change could be somewhat less than the pre-BMP regression standard error.
The results for Lincoln Creek indicate that a change of 20-90 percent in suspended-solids stormflow load could be detected with a statistical test; the results for total phosphorus and total recoverable copper are less restrictive (25-50 percent). For the Menomonee River, a change in suspended solids, total phosphorus, and total recoverable copper load would have to be 20-80 percent to be detected. For the Monroe Street detention pond inlet, a change in suspended-solids, total-phosphorus, and total recoverable copper load of 30-80 percent would be needed to be statistically significant. For Nine Springs Creek Tributary, a change in suspendedsolids, and total-phosphorus load of 30-45 percent would probably be detected with a statistical test but a change in total recoverable-copper stormflow load of 60-80 percent would be needed to be statistically significant. For each of these sites, the reported figures for potential minimum detectable change should be considered in the context of the potential for BMPs in the individual watersheds to achieve the minimum levels of change.
For all of the sites, the figures reported for minimum detectable change could potentially decrease as the regression relations are explored further. More sophisticated statistical techniques could be used to divide the data into groups which behave similarly, and additional research may reveal better ways to incorporate the antecedent precipitation measures into the regressions. Conversely, the reported figures for minimum detectable change could potentially increase as the few storms with anomalously large loads are brought back into the regressions. 
ANALYSIS OF LOAD TRENDS AT RURAL STREAM SITES
For the eight rural streams, two have sufficient post-BMP storms for a final analysis, four have sufficient transitional storms for a preliminary analysis, and two have minimal BMP implementation that does not warrant further consideration. The final analysis will be reported elsewhere for the two streams with sufficient post-BMP storms (Brewery and Garfoot Creeks). The four streams with sufficient transitional data (Bower, Otter, Eagle, and Joos Valley Creeks) will be examined in this section. The remaining two streams (Rattlesnake and Kuenster Creeks) will not be examined due to minimal BMP implementation.
For Otter, Eagle, and Joos Valley Creeks, the storm-load data was divided into two periods: pre-BMP and transitional. The transitional period represents the time after the beginning of BMP installation and before completion of all planned BMPs. For Bower Creek, there were a sufficient number of transitional storms to allow for two transitional periods, labeled transitional-1 and transitional-2. The data was split into two periods sequentially to give an equal number of storms in the pre-BMP and transitional-2 periods. For this report, constituent-load data for suspended solids and total phosphorus were examined.
As discussed previously, a regression analysis can be used to help reduce the natural variability in the storm-load data (Walker and Graczyk, 1993; Walker, 1994) . The overall set of independent variables used in the pre-BMP analysis for urban loads (previous section) was used for the rural sites. As with the urban analysis, the data were further divided into one of three groups, corresponding to one of three seasons: spring, summer, or fall. These seasons correspond roughly to the different processes of runoff generation and the different condition of soil cover during the year. In addition, for one site (Joos Valley Creek) it was necessary to break the data down further into groups corresponding to the antecedent moisture condition (AMC) classes used by SCS (U.S. Soil Conservation Service, 1972). For Joos Valley Creek, AMC-I, which corresponds to relatively dry pre-storm conditions, was further divided into the three seasons. The second group, AMC-II, which corresponds to relatively wet pre-storm conditions, was considered to be a separate group.
The resulting regressions for suspended sediment and total phosphorus are summarized in tables 9 and 10, respectively. In all cases, the regression analysis for a particular group is fit to both pre-BMP and traditional data. The tables present the individual sample sizes for the groups, the independent variables used in the final regression, and two terms which measure the goodnessof-fit of the regressions. The adjusted R is a measure of the portion of the variability in the dependent variable that is accounted for by the regression. The standard error term is the standard deviation of the regression residuals (the unexplained portion of the dependent variable) divided by the average value of the dependent variable. Dividing by the average value of the dependent variable scales the data and provides a more comparable measure between the regressions.
For a particular site, the residuals from each regression group were combined to give a data set of residuals across all regression groups. Because the regression residuals represent the variability not accounted for by the independent variables, the variability remaining is due to either the effect of the BMPs or another factor not considered in the list of independent variables. The regression residuals, along with the actual storm loads, were tested for statistical differences between the pre-BMP and transitional periods using a non-parametric test (Mann-Whitney U test). The Mann-Whitney U test is a procedure for determining if the data from one data set is larger than the data from the second data set. The procedure works better than equivalent parametric tests if the underlying data deviates from normality.
The results of the statistical tests applied to the raw constituent loads and regression residuals for suspended solids and total phosphorus are presented in tables 11 and 12, respectively. Using a confidence level of 95 percent (there is a 5 percent chance that the conclusion that the data sets are different is wrong), the raw data reveal that there is no significant difference between the pre-BMP and transitional periods (significance levels are all greater than 0.05). For the regression residuals, most of the comparisons yield the same conclusion that there is no significant difference between the loads in the pre-BMP and transitional periods after accounting for natural variability. For Otter Creek, however, there appears to be a statistically-significant reduction in the suspended-solids loads (significance level of 0.035), and for Joos Valley Creek there appears to be a statistically-significant reduction in both the suspended-solids and total-phosphorus loads (significance levels of 0.012 and 0.004, respectively). For Otter Creek, an explanation of why a statistically-significant reduction in suspended solids has been detected and total phosphorus has not requires a detailed examination of the BMPs installed. For the streams and constituents without significant differences, one of two possibilities exist: (1) either the BMP installation to date has not reduced the loads of the constituent in question, or (2) the BMP installation to date has reduced the loads, but the variability remaining in the residuals is masking the change. It is possible that completion of the BMP installations and collection of post-BMP loads after the practices have had enough time to begin working will result in more statistically-significant decreases in the constituent loads.
CONCLUSIONS
For the five rural streams with continuous dissolved-oxygen monitoring, there have been some improvements in the dissolved-oxygen concentrations.
The results, however, are not consistent from year to year. Thus it is not possible to attribute the changes in dissolved oxygen concentration to the implementation of BMPs.
For the four urban stream sites, an evaluation of regressions for pre-BMP loads resulted in a wide range of minimum detectable changes that likely could be detected after BMP implementation. For three of the sites, the minimum detectable change ranges from 20-90 percent for the three constituents considered. It is likely that the expected change from BMPs would be less than these values, hence could not be detected statistically. For one site (Nine Springs Creek Tributary) the minimum statistically detectable change for suspended solids and total phosphorus ranged from 30-45 percent, which is well within the range expected for urban BMPs. Thus for this site it is possible that post-BMP changes would be detected using statistical techniques.
For the eight rural streams sites, two sites had sufficient post-BMP data for analysis and the results will be reported elsewhere. Of the remaining six rural streams, four had sufficient transitional data to warrant a preliminary analysis. For all of the streams, the BMPs implemented during the transitional period have not significantly reduced the actual storm loads for suspended solids and phosphorus. Multiple regressions were used to remove some of the natural variability in the data. Based on the residual analysis, for Otter Creek there appears to be a significant reduction in suspended-solids load, and for Joos Valley Creek there appears to be a significant reduction in the suspended-solids and totalphosphorus loads after accounting for natural variability. It is possible that the other sites will also show statistically significant reductions in suspended solids and total phosphorus if additional BMPs are implemented.
Appendix. Storm-load data for rural watershed-management evaluation 1985-98 [yr, year; mo, month; d, day; h, hour; in., 
